INTRODUCTION
Tumor recurrence can lead to an unfavorable prognosis for patients with locally advanced rectal carcinoma. The peritoneum is a common recurrence site for patients who undergo a radical resection of rectal carcinoma. In a retrospective study, it was reported that of the 1354 patients with rectal cancer who were included in the report, 5.4% went on to develop peritoneal recurrence after radical surgery [1] . Furthermore, T stage and N stage are independent risk factors that affect the incidence of peritoneal carcinomatosis [2] . Therefore, it is recommended that patients with locally advanced rectal cancer of stage T3/T4 or N1/N2 receive preoperative chemoradiotherapy to decrease the risk of recurrence. Previous randomized trials have shown that patients who undergo preoperative chemoradiotherapy have significantly reduced local recurrence rates and improved rates of disease-free survival (DFS) [3] . However, for a subset of patients who have already suffered from peritoneal metastases, cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) have been widely used to improve their oncological prognosis [4] . Few reports have focused on the use of intraoperative intraperitoneal chemotherapy without hyperthermia to prevent peritoneal carcinomatosis in rectal cancer patients. Intraoperative intraperitoneal chemotherapy is an emerging modality that can improve the prognosis of rectal cancer patients with a high risk of cancer recurrence, and represents a distinct approach from both preoperative chemoradiotherapy and HIPEC that can be easily administrated in the clinic [5, 6] . Tumor recurrence results from residual tumor cells that are present after the removal of a primary tumor. Previous studies have shown that residual tumor cells can exhibit a transient period of increased growth rate and become more vulnerable to chemotherapeutic agents during the first 3 d following the resection of a primary tumor, which provides the rationale for the administration of intraoperative intraperitoneal chemotherapy to decrease the incidence of peritoneal recurrence [7, 8] . Over the past few years, intraoperative intraperitoneal chemotherapy has been gradually incorporated into the treatment for rectal carcinoma patients in Eastern countries [5, 6] . Locally advanced rectal carcinoma has a higher risk of peritoneal recurrence, and as a result, clinical stages T3/T4 and N1/N2 of the disease are often regarded as indications for the use of intraoperative intraperitoneal chemotherapy. In this procedure, chemotherapy agents are placed into the pelvic cavity after neoplasm resection and digestive reconstruction to inhibit the proliferation and dissemination of the remaining tumor cells. However, there are no uniform guidelines for the type and dose of chemotherapeutic agent and most decisions are determined by the surgeon's recommendations and the patient's economic conditions. Common drug options include fluorouracil implants, lobaplatin, and raltitrexed. Reports have shown that intraoperative intraperitoneal chemotherapy can reduce locoregional recurrence rates and increase long-term survival rates [5] . Nevertheless, the effects of intraoperative intraperitoneal chemotherapy on postoperative complications have rarely been explored, which raises concerns about the safety and feasibility of this new treatment modality. Given that anastomotic leakage (AL) is the most common and serious operation-associated complication after rectal surgery, we aimed to evaluate the role of intraoperative intraperitoneal chemotherapy in the occurrence of AL.
AL is a common and severe postoperative complication that can develop after an anterior resection of rectal neoplasms and has a high incidence that ranges from 6.1% to 11.9% [9] [10] [11] . AL prolongs hospitalization times and increases short-term morbidity and mortality. Moreover, several studies have shown that AL contributes to the risk of local recurrence and decreased overall survival [12] [13] [14] . Previous reports have indicated that male sex, history of smoking and ischemic heart disease, tumor location and size, malnutrition, and intersections of staple lines are possible factors that can lead to AL in rectal tumor patients [10, [15] [16] [17] [18] . Prophylactic ileostomy, transanal tube placement, and intracorporeal reinforcing sutures may decrease the incidence of AL [19, 20] . Additionally, some assay indexes and prediction models have been established to evaluate the possibility of AL [21] [22] [23] . Exploring the association between intraoperative intraperitoneal chemotherapy and AL can improve our understanding of the indications and contradictions of this new treatment modality.
MATERIALS AND METHODS

Patients
Our investigation received approval from the ethics committee of our center and was performed in accordance with the Helsinki Declaration of World Medical Association. Every patient signed an informed consent form before participation in the study. We extracted data from 477 consecutive patients who underwent anterior resection of rectal cancer at the National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College from September 2016 to September 2017. Information regarding the intraoperative use of chemotherapy agents was carefully collected from medical records. Follow-up data were acquired by outpatient reexamination and telephones.
The inclusion criteria were defined as follows: (1) All patients were definitively diagnosed with rectal cancer through abdominal and pelvic enhanced computed tomography (CT) scans, rectal magnetic resonance imaging (MRI), colonoscopy, tissue biopsy, and pathological examination; (2) All patients were confirmed to have TNM stage II-III rectal cancer through rectal MRI at the time of diagnosis; (3) The distal border of the tumor from the anal verge was less than 15 cm; and (4) All patients underwent an anterior resection surgery using the double stapling technique.
The exclusion criteria were defined as follows: (1) Patients who were considered to have TNM stage I or IV rectal cancer at the time of diagnosis; (2) Patients who received hand suture anastomosis, Hartmann's surgery, intersphincteric resection, or abdominal perineal resection; and (3) Patients whose information was not clearly and accurately presented in the medical records.
AL was diagnosed through clinical symptoms and signs of fever, abdominal pain, peritonitis, and discharge of intestinal contents from pelvic drainage. Pelvic CT scans and rectoscopy can be used to provide additional confirmation of AL. Furthermore, hydrops and pneumatosis in the pelvic cavity in CT images or anastomotic defects in endoscopy images can also imply the existence of AL (Figure 1 ). We classified all AL patients as grade A, B, or C according to the proposal from the International Study Group of Rectal Cancer in 2010. Grade A AL patients require no active medical intervention whereas grade B AL patients require only a conservative treatment. In contrast, grade C AL patients require a secondary operation [24] . Given the limited number of grade A AL individuals due to its low rate of clinical manifestation and the lack of a need for active medical intervention, only grade B and C patients were analyzed in our study.
Surgical procedure
All patients underwent bowel preparation by taking oral sulfate-free polyethylene glycol electrolyte powder the day before surgery. A standardized anterior resection of rectal neoplasms was then performed for each patient by surgeons specialized in colorectal tumors. Both laparotomy and laparoscopic surgeries were performed at our institution. A double stapling technique was used to form an end-to-end anastomotic stoma when the surgeons reconstructed the intestinal tract. Peritoneal lavage was routinely performed after the intestinal anastomosis. One to two pelvic drainage tubes were then placed around the anastomotic stoma. Based on the patient's condition, a transanal tube was selectively placed. The resected specimens were delivered to professional pathologists to determine the tumor stage.
Lobaplatin or fluorouracil implants were utilized for the patients who received intraoperative intraperitoneal chemotherapy. The dosage of lobaplatin was 60 mg, and it was dissolved in 500 mL of glucose solution at a concentration of 0.05 g/mL. The solution was then poured into the pelvic cavity through the drainage tube after the abdominal incision was closed. The tubes were occluded for 4 to 6 h to prevent drainage of the agents. Fluorouracil implants were placed directly into the pelvic cavity before the incision was closed and remained permanently inside the body. The common dosage ranged from 500 to 1000 mg.
Analyzed factors
To evaluate the comparability between the chemotherapy group and the control group, and to decrease any confounding bias, a total of 32 variables were included in our investigation. All factors can be roughly divided into demographic characteristics, comorbidities, preoperative oncological therapies, operative treatments, and tumor staging. All of these data were described in detail in the medical records. We carefully examined the accuracy of our data to reduce bias from data collection.
Statistical analysis
Our study was statistically reviewed by a biomedical statistician from our institution. All data were analyzed using the Statistical Package for the Social Sciences (SPSS version 24.0; IBM Corp., Armonk, NY). Since we excluded patients whose information was not clearly and accurately presented in their medical records, there were no missing data in this study. Quantitative data that were normally distributed are presented as the mean ± SD and were further analyzed using a t-test. Quantitative data that were not normally distributed are presented as the median (range) and were compared using Mann-Whitney U tests. Qualitative data are expressed as the number of cases and percentage and were further compared using Pearson's χ 2 test or Fisher's exact test. Ordinal data are also presented as cases and percentage but were further examined using Mann-Whitney U tests. To control confounding biases, factors that were regarded to be clinically associated with AL and imbalanced factors between the two groups with a P-value < 0.05 were included in the multivariate logistic regression analysis and stratification analysis to determine the independent risk factors for AL. Overall survival rates and DFS rates were calculated by the Kaplan-Meier method and further compared by a log-rank test. All tests were two-sided, and a P-value < 0.05 was regarded as statistically significant.
RESULTS
Patient characteristics
Our investigation included 477 patients with an average age of 58.7 ± 10.9 years. Of these patients, 301 (63.1%) were male and 176 (36.9%) were female. A total of 171 patients received intraoperative intraperitoneal chemotherapy, including 8 treated with lobaplatin alone, 157 treated with fluorouracil implants alone, and 6 treated with both. The remaining 306 patients did not receive intraoperative intraperitoneal chemotherapy. Patient-related factors are presented in Table 1 . Patient demographics, habits, comorbidities, preoperative therapy, nutritional status, and American Society of Anesthesiologists grade were comparable between the chemotherapy group and the control group. Surgery-related factors are presented in Table 2 . Most patients received laparoscopic surgery in our study, including 167 (97.7%) in the chemo- therapy group and 300 (98.0%) in the control group (P = 0.751). Natural orifice specimen extraction (NOSE) surgery is a surgical method that emerged in the last decade in which resected specimens are obtained from the vagina or anus instead of an additional abdominal incision. More patients in the control group underwent the NOSE procedure (1.8% in the chemotherapy group vs 5.9% in the control group, P = 0.035). The placement of a transanal tube was more common in patients who did not receive intraoperative intraperitoneal chemotherapy (43.9% in the chemotherapy group vs 55.6% in the control group, P = 0.014). Additionally, more patients from the control group received more than 2 stapler firings during the digestive reconstruction (14.6% in the chemotherapy group vs 25.2% in the control group, P = 0.007). No obvious differences were observed between the two groups for operation time, reinforcing suture, defunctioning stoma, blood loss, perioperative transfusion, or preservation of the left colic artery. Tumor-related variables are detailed in Table 3 . All patients enrolled in our study presented with TNM stage II or III disease at the date of diagnosis prior to treatment. However, of the 97 patients who received neoadjuvant therapy, a total of 11 achieved complete pathological remission and 19 regressed to TNM stage I through the postoperative pathological examination. Tumor location, pathological stage, and degree of differentiation were comparable between the two groups.
AL
The details for the occurrence of AL are presented in Table 4 . In total, 18 (3.8%) individuals developed AL in our study. A significantly higher incidence of AL was observed in the group that received intraoperative intraperitoneal chemotherapy than in the control group (7.6% vs 1.6%, P = 0.001). Among the AL patients, none with grade A were enrolled in our study. A total of 4 of the 18 AL patients were classified as grade B and received a conservative treatment, while 14 of the 18 patients were classified as grade C and received a secondary surgery according to the standards from the International Study Group of Rectal Cancer released in 2010. The AL patients who underwent intraoperative intraperitoneal chemotherapy tended to be more severe cases and were more likely to receive a secondary operation (P = 0.044). Additionally, the majority of the cases developed AL within a week after surgery and 1 case occurred two months after the procedure. No deaths were observed during the perioperative period.
Multivariate analysis
Descriptive analysis identified significant imbalances between the chemotherapy group and the control group for NOSE surgery (P = 0.035), placement of transanal tubes (P = 0.014), and the number of stapler firings (P = 0.007). These variables and other factors that have a confirmed association with AL from previous reports were included in the subsequent multivariate analyses (Table 5) . After adjusting for confounding factors, intraoperative intraperitoneal chemotherapy was confirmed to significantly increase the incidence of AL [odds ratio (OR) = 5.386; 95% confidence interval (CI): 1.808-16.042; P = 0.002].
Stratification analysis
Stratification analysis was also performed to control for confounding biases. The influence of intraoperative intraperitoneal chemotherapy on AL was further analyzed in subgroups defined by sex, diabetes, incomplete intestinal obstruction, tumor location, NOSE surgery, consolidation suture, defunctioning stoma, transanal tube, and the number of stapler firings. Intraoperative intraperitoneal chemotherapy significantly promotes the occurrence of AL in individuals who fell into the subgroups of male, nondiabetic, without incomplete intestinal obstruction, with tumors located above the peritoneal reflection, without NOSE surgery, without consolidation sutures, without defunctioning stoma, without transanal tubes, and both who underwent 1 or 2 stapler firings and who underwent more than 2 stapler firings. Although the OR values were different in different subgroups, the OR homogeneity test through the Woolf method demonstrated that the data between the two subgroups were homogenous (P > 0.05). Therefore, we calculated the overall OR values through the Mantel-Haenszel method. The overall P-values and OR values showed that intraoperative intraperitoneal chemotherapy remained significantly associated with AL even though the discussed variables caused weak confounding effects (Table 6) .
Survival outcomes
The patients were followed for a median period of 24 mo (range: 1-31 mo). The 1-year survival rate and 2-year survival rate were 98.2% and 96.2% in the chemotherapy group and 99.3% and 96.1% in the control group, respectively. There were no significant differences in the survival rates between the two groups (P = 0.952). However, an increased DFS rate was confirmed in patients who received intraoperative intraperitoneal chemotherapy (P = 0.020). Both the 1-year DFS rate (92.8% in the chemotherapy group vs 88.4% in the control group) and the 2-year DFS rate (89.7% in the chemotherapy group vs 81.3% in the control group) were higher in the chemotherapy group (Figure 2 ).
DISCUSSION
Locally advanced (T3/T4 or N1/N2) rectal cancer patients are at an increased risk of local recurrence and distant metastasis. Neoadjuvant therapy has been accepted as a standard treatment for locally advanced rectal carcinoma and can significantly improve the prognosis of these patients [25] . However, we observed that only 13.6% of patients had received preoperative radiotherapy and 20.3% of patients had received preoperative chemotherapy. This might be because many patients were reluctant to receive neoadjuvant treatment due to their poor economic conditions and fear of side effects. However, based on the postoperative pathological stage, most of the patients in our study who did not receive neoadjuvant therapy were recommended to receive postoperative radiotherapy or chemotherapy. Intraoperative intraperitoneal chemotherapy is a newly developed independent modality to treat locally advanced rectal tumor that is distinct from neoadjuvant therapy. Furthermore, patients who have already received neoadjuvant treatment can still receive intraoperative intraperitoneal chemotherapy. Previous reports have demonstrated that recurrent rectal carcinoma derives from residual intraperitoneal tumor cells after radical resection of the primary tumor site. These residual tumor cells tend to be more sensitive to chemotherapeutic agents since they show a transiently increased growth rate after surgery. However, systematic chemotherapy is not viable due to the poor physical condition of postoperative patients. Intraperitoneal chemotherapy can reach a higher concentration inside the abdominal cavity while maintaining a lower concentration in blood, which can improve the efficacy of killing residual tumor while decreasing systematic side effects. Based on these mechanisms and the high recurrence rate in locally advance rectal cancer patients, intraoperative intraperitoneal chemotherapy has been increasingly used for these patients over the last decade [5, 26] . This treatment is administered at the end of the surgery by placing the chemotherapeutic agents into the pelvic cavity and aims to kill the exfoliated tumor cells. A prospective randomized clinical trial confirmed that patients treated by intraoperative implantation of fluorouracil implants experienced improved oncological and survival outcomes [5] . In our study, there were no overall improvements in the survival rate in the chemotherapy group relative to the control group. This might be due to our much shorter follow-up period when compared to previous reports. The longest follow-up time was only 31 months, and only 6 of 171 patients in the chemotherapy group and 10 of the 306 patients in the control group died from the tumor recurrence. However, there was a significant increase in DFS rates for the chemotherapy group, which is consistent with the findings of previous studies.
Although it has been confirmed that intraoperative intraperitoneal chemotherapy improves clinical outcomes in locally advanced rectal cancer patients, its impacts on postoperative complications remain controversial. Considering that AL is one of the most common complications associated with the anterior resection of rectal carcinomas, we evaluated the safety of intraoperative intraperitoneal chemotherapy through the incidence of AL. AL is an extremely severe complication for rectal cancer patients, and most symptomatic AL patients require a secondary operation. Previous studies have identified risk factors for AL after an anterior resection of rectal carcinoma, but the connection between intraoperative intraperitoneal chemotherapy and AL has not been thoroughly examined.
We found that AL occurred more frequently in patients who underwent intraperitoneal chemotherapy, and this trend was verified both in the univariate and multivariate analyses. Lobaplatin and fluorouracil implants were used in our procedures. Lobaplatin was dissolved in solution and poured into the pelvic cavity, which led to the anastomotic stoma being immersed in the lobaplatin solution. In contrast, the fluorouracil implants are solid microcapsules that are placed primarily around the anastomotic stoma in the pelvic wall. Therefore, the chemotherapy drugs can have a direct impact on anastomotic stoma. Both agents are cytotoxic drugs that can inhibit cell proliferation and induce apoptosis, particularly for cells with rapid proliferation [27, 28] . Given that the healing process of the rectal anastomotic stoma requires the rapid proliferation of regenerative cells, we hypothesize that intraoperative intraperitoneal chemotherapy increases the incidence of AL by inhibiting cell proliferation.
Previous reports have demonstrated that systematic chemotherapy could delay and impair the healing process of wound. Moreover, treatment for this problem is really difficult as the proliferation of cells in the wound is inhibited [29] [30] [31] . Similarly, the side effects of chemotherapy on intestinal anastomosis healing were also observed in experimental studies. AL tended to develop more often in rats receiving intraoperative administration of antineoplastics [32, 33] . The anastomotic strength is generally evaluated through bursting pressure, which increases slowly in the first four postoperative days but quickly thereafter [34] . However, the bursting pressure was significantly lower in rats receiving intraoperative intraperitoneal chemotherapy compared to those not. Decreased fibroblast activity and collagen deposition were found in further histological examinations, which contributed to the mechanical strength of the anastomoses [35] . In addition, a series of animal experiments have also indicated that intraoperative intraperitoneal chemotherapy could bring detrimental effects on the intestinal anastomosis by increasing the inflammatory reaction, promoting oxidative stress, and reducing neoangiogenesis at the anastomotic site. These effects were observed in almost all the antitumor agents commonly used in intrapertoneal chemotherapy, including mitomycin C, cisplatin, oxaliplatin, 5-fluorouracil, iritotecan, and doxorubicin [32, 36, 37] . Moreover, the combination use of different chemotherapeutic agents showed enhanced negative effects on the healing process of intestinal anastomoses compared to those receiving only one type of agent [38] . However, previous clinical studies on the relationship between intraoperative intraperitoneal chemotherapy and AL are very limited. In our study, a significantly higher incidence of AL was observed in the chemotherapy group, which is in line with previous experimental studies. In addition, intraperitoneal usage of antitumor agents appeared to be associated with the severity of AL. AL patients in the chemotherapy group were at higher risks of undergoing a secondary operation. Finally, we recognize that the sample size of the cases treated with lobaplatin was far less than the number of cases treated with fluorouracil implants, which might introduce bias. Further investigations with larger and more sufficient sample sizes are needed to determine the association between the respective types of chemotherapeutic agents and AL.
Our study has several limitations. First, since this is a retrospective cohort study and the patients were divided into chemotherapy and control groups, there is the risk of selection bias, information bias, and confounding bias, although we tried to collect as many variables as possible and incorporated them into the multivariate analysis and stratification analysis. Additional large multicenter cohort studies or randomized controlled trials are still required to assess the safety of intraoperative intraperitoneal chemotherapy. Second, the incidence of AL at our center is relatively low when compared with most other reports. There were only 18 AL patients observed in this study, which made it difficult to perform dose-response relationship analyses to control for bias.
In conclusion, this study determined that intraoperative intraperitoneal chemotherapy increased the incidence of postoperative AL after the anterior resection of rectal carcinoma, but it also improved the DFS rates in patients with locally advanced rectal carcinoma. Surgeons should carefully weigh the short-term risks of postoperative AL with the long-term benefits of improved oncological outcomes before choosing to utilize intraoperative intraperitoneal chemotherapy. 
ARTICLE HIGHLIGHTS
Research background
Tumor recurrence is common for patients with locally advanced rectal carcinoma after radical resection surgery. Over the past few years, intraoperative intraperitoneal chemotherapy has been gradually incorporated into the treatment for rectal carcinoma patients to decrease the recurrence rate and showed improved clinical outcomes. Nevertheless, the effects of intraoperative intraperitoneal chemotherapy on postoperative complications have rarely been explored. We conducted this research to determine the effects of intraoperative intraperitoneal chemotherapy on the incidence of anastomotic leakage (AL), which would be meaningful to promote our knowledge about the safety and feasibility of this emerging therapy modality.
Research motivation
Our study explored the safety of intraoperative intraperitoneal chemotherapy for patients receiving the anterior resection of rectal carcinoma. This is significant for surgeons to weigh the benefits and risks of this treatment technique.
Research objectives
Our research aimed to evaluate the role of intraoperative intraperitoneal chemotherapy in the occurrence of AL. Meanwhile, the prognosis of patients receiving this therapy was also analyzed.
Research methods
We performed a retrospective cohort study and patients were divided into a chemotherapy group and a control group. Important demographic variables and confounding factors were collected and analyzed through univariate analysis, stratification analysis, and multivariate analysis to control confounding bias. The oncological outcomes of the two groups were compared through the Kaplan-Meier method and log rank test.
Research results
We found that intraoperative intrapertitoneal chemotherapy increased the incidence of AL in patients receiving the anterior resection of rectal carcinoma, but this treatment also contributed to improved disease-free survival rate. This finding can help surgeons to weigh the benefits and risks of this emerging treatment method. Moreover, the mechanisms of intraoperative intraperitoneal chemotherapy leading to AL need to be further investigated in more basic studies. The effects of different types of chemotherapeautic agents on AL can also be explored.
Research conclusions
Intraoperative intraperitoneal chemotherapy can improve the prognosis of patients with locally advanced rectal cancer, but it also increases the risks of AL in patients receiving anterior resection of rectal carcinoma. Patients who have other risks of postoperative AL may not be suitable to receive this therapy.
Research prospective
Surgeons need to think deeply about the indications and contraindications of intraoperative intraperitoneal chemotherapy so that better clinical outcomes can be achieved in patients with rectal carcinoma. Moreover, our research is a retrospective study, and biases from data collection and analysis may exist. More prospective randomized controlled trials need to be conducted to explore the safety and feasibility of intraoperative intraperitoneal chemotherapy.
